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SUMMARY

Monitoring of malaria intensity in terrain regions of Arunachal Pradesh, India is very difficult
as the dynamics of mosquito populations varies to a large extent due to altitude and frequent
changes in climatic conditions. There is a scarcity of information on the influence of climatic
factors on malaria morbidity in Arunachal Pradesh. Hence, a pilot study was conducted from
2006 to 2010 to understand malaria transmission dynamics, seasonal distribution and disease
morbidity. Plasmodium vivax and P. falciparum are the two major parasites for malaria
transmission in Arunachal Pradesh. Out of 142558 malaria cases analysed from 2006 to 2010,
P. vivax infection contributed 72·1% followed by P. falciparum (27·9%). However, the overall
morbidity of malaria declined from 37/1000 in 2006 to 18/1000 population in 2010. From this
study it was observed that the temporal distribution of malaria cases varied between districts and
high morbidity rates were reported mostly during the wet season. To understand malaria
transmission dynamics in the study area, the Richards model was used to predict malaria cases.
The output of the results from this model predicted a higher number of malaria cases (K) during
2006 and a gradual decline in subsequent years. Similarly, the growth rate r, and exponential
deviation α, were almost identical for all the years, which shows that the Richards model is the
most suitable model for the prediction of malaria cases.
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INTRODUCTION

Malaria is one of the major public health concerns in
most of the tropical and sub-tropical countries.
According to the WHO Malaria report for 2011, the

global incidence of the disease was estimated at
216 million cases worldwide, of which 91% were due
to Plasmodium falciparum. Malaria transmission is
widely distributed in the Africa region (81%) followed
by South East Asia (13%), and the Eastern
Mediterranean region (5%) [1]. The WHO South
East Asian Region comprises 11 countries, i.e.
Bangladesh, Bhutan, Democratic People’s Republic
of Korea, India, Indonesia, Maldives, Myanmar,
Nepal, Sri Lanka, Thailand and Timor-Leste where
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about 70% of the population are at risk of malaria and
26% at high risk. Maximum cases are being reported
from India (61%), Indonesia (12%) and Myanmar
(22%)which comprise 95%of cases anddeaths,whereas
the remaining 5% of malaria cases are from the other
eight countries. About 2·15 million malaria cases with
1819 deaths were reported from this region in 2011.
From 2000 to 2010, the incidence of malaria in the re-
gion was reduced from 30/1000 to 22/1000 population
at risk, and malaria mortality rate was reduced from
4.2/100000 to 3.0/100000 population at risk [2].

In India, malaria has become a severe public health
concern, 1·84 million cases and more than 1000 deaths
are recorded annually [3]. P. falciparum (51%) and
P. vivax (49%) are the major malaria parasites distribu-
ted in India [4]. The transmission of malaria in most
parts of the country is reported throughout the year
due to ambient climatic conditions for growth and de-
velopment of mosquitoes as well as parasites and also
because of increasing ecological and human environ-
mental changes [5]. The most affected states are the
Northeastern states, Odisha, Chhattisgarh, Madhya
Pradesh, Jharkhand and West Bengal that account
for nearly 60%of the totalmalaria cases.Of these states,
the Northeastern states of India (Arunachal Pradesh,
Assam, Manipur, Meghalaya, Mizoram, Nagaland,
Tripura, Sikkim) contribute around 12–13% of total
malaria cases, mostly due to the predominant parasitic
infection of P. vivax and P. falciparum [6–8]. Of all the
Northeastern states of India, much of the research
investigations related tomalaria epidemiology and con-
trol are reported fromAssam state [9]. According to the
WHO malaria report for 2012, the state of Arunachal
Pradesh is considered as highly endemic for malaria
[2]. The districts of Changlang, Lohit, East Siang,
Papum Pare, East Kameng, and West Kameng of
Arunachal Pradesh are reported as high endemic
districts for malaria [10]. The annual parasite incidence
(API) rate in India has consistently fallen from
1·66/1000 in 2006 to 1·37/1000 in 2010. Similarly the
API of Arunachal Pradesh has also decreased signifi-
cantly from 37/1000 in 2006 to 18/1000 in 2010.
However, there is sparse information available on
malaria transmission dynamics in Arunachal Pradesh.
This is the first detailed epidemiological study con-
ducted in Arunachal Pradesh from 2006 to 2010.

Various types of mathematical models have
been used widely for many infectious diseases [11].
The Richards model is one such robust and logistic
mathematical model for predicting various infectious
diseases such as influenza H1N1 virus [12], severe

acute respiratory syndrome [13], etc. This model gen-
erates an S-shaped curve and a turning point which
illustrates the incidence of the pattern of disease.
This data, allows the analysis of future disease inci-
dence. We also used this model for the first time to
predict malaria incidence patterns in Arunachal
Pradesh in order to forecast the malaria scenario.

MATERIALS AND METHODS

Study area

Arunachal Pradesh is located in the Northeastern part
of India situated between 26° 30′ N and 97° 30′ E. It
represents only 1·18% of the total area of India and
3·34% of the total population of the country. The
state is the most populous (population: 13·82 million
according to the 2011 census survey) and geographi-
cally the largest state (83743 km2) of the Northeast
region, contributing significant numbers of malaria
cases caused by both P. vivax and P. falciparum.
The state is predominantly occupied by tribal popu-
lations living in low socioeconomic status conditions
and in close association with forests. The state lies in
the foothills of the Himalayas and is bounded by
Bhutan to the West, China to the North-East,
Myanmar (Burma) to the East and the plains of
Assam to the South.

Collection of data

Arunachal Pradesh state comprises 15 districts with 91
primary health centres (PHCs) and 28 community
health centres (CHCs) equipped with the facility for
diagnosis and treatment of malaria. Malaria epidemi-
ology data for the years 2006–2010 was collected from
all PHCs and CHCs of Arunachal Pradesh and is used
in this study.

Ethics statement

The study received ethical clearance from the Ethical
Committee which was constituted in our institute
(CSIR – Indian Institute of Chemical Technology,
Hyderabad), affiliated to the Ministry of Science
and Technology, Government of India. This Ethical
Committee received approval to perform this research
work. We declare that the data on epidemiology in
this study was collected from the Directorate of
Health Services, Government of Arunachal Pradesh
and was analysed anonymously. The institutional re-
view board waived the need for written informed con-
sent from the participants as we were not directly
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involved in the epidemiology study. The information
collected on this aspect of the study was carried out
by a co-author and his group from the Directorate
of Health Services, Government of Arunachal
Pradesh. On no occasion were the names of the parti-
cipants or identities collected, only the epidemiologi-
cal data was made use of. The Directorate of Health
Services, Government of Arunachal Pradesh is a
statutory body authorized to perform this type of
study.

Data analysis

The mean occurrence of P. vivax and P. falciparum
malaria cases were compared between dry and wet
seasons of a year in Arunachal Pradesh using the
t test (SPSS v. 15·0 software; SPSS Inc., USA) and
the level of significance was considered at 0·05. The
slide positive rate (SPR) refers to the number of
malaria-positive blood smears/total number of smears
examined; the annual P. vivax index (AVI)=P. vivax
cases/total population×1000; the annual P. falci-
parum index (AFI)=P. falciparum cases/total popu-
lation×1000; and the annual parasitic index (API)=
malaria cases/total population×1000.

The Richards model

The Richards model is useful for capturing the tem-
poral variations of disease prevalence, in particular
the turning points (or peaks and valleys of the inci-
dence S-shaped curve). By this curve it is easy to
monitor the peak incidence for a particular wave of
cases. The Richards model considers only the cumu-
lative infected population curve with saturation in
growth as the outbreak progresses, which is possibly
caused by factors such as depletion of susceptibility
in the population or increase in the vector density,
and also the parasitic load in the community [13]. It
illustrates the usefulness of near real-time modelling
in extracting valuable information regarding the out-
break directly from epidemic curves.

This model is derived from the logistic model which
was proposed by Verhulst to model population growth
and the equation is as follows:

I ′(t) = rI [1− I/K],
where I′(t) is the population size at time t, r is the in-
trinsic growth rate and K is the carrying capacity. In
1959, Richards proposed the following modification
of the logistic model to model the growth of biological

populations:

C′(t) = rC(t)[1− (C/K)a],
where the prime (′) denotes the rate of change with re-
spect to time. The parameter a provides a measure of
flexibility in the curvature of the S shape exhibited by
the resulting solution curve. As a model for the growth
of an epidemic outbreak, C(t) is the cumulative num-
ber of infected cases at time t in days, K is the carrying
capacity or total case numbers, r is the per capita
growth rate of the infected population and α is the ex-
ponent of deviation from the standard logistic curve.

Application of the Richards model to predict malaria
incidence in Arunachal Pradesh

The Richards model is mainly used to predict the
spread of disease especially for epidemics [13]. The
role and efficacy of this model in characterizing en-
demic situations is relatively less explored as is the im-
portance of the parameters in determining the trend of
the disease. The Richards function is an increasing
function on the whole real line that is bounded from
below and above [13]. The state of Arunachal
Pradesh was taken as a case study and the monthly
malaria incidence cases caused by P. vivax were
taken for five successive years from 2006 to 2010. The
cumulative data was used to fit the Richards model
to estimate the total case numbers every year and also
to estimate the growth rate of P. vivax cases each
year. The monthly case data is taken annually and the
cumulative infected case count for 12 time points
(months of the year) were estimated for each year.
The incidence curve for the cumulative infected cases
for each year was plotted and it consisted of a single
peak of high incidence resulting in an S-shaped curve,
which is a characteristic of the Richards model. The
malaria data fit to the Richards model was performed
using Matlab software (www.mathworks.in) with the
least squares approximation tool.

RESULTS

Malaria prevalence in Arunachal Pradesh

From the results it was inferred that malaria cases
decreased significantly from 2006 to 2010, but the dis-
tribution of malaria prevalence varied greatly in the
districts of Arunachal Pradesh. The API was found
to be reduced from 37/1000 persons in 2006 to 18/
1000 persons in 2010 (Fig. 1), but a high API (>61)
was reported in the districts of East Siang, and
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Lower and Upper Dibang Valley (Fig. 2). Similarly,
the SPRs of malaria gradually decreased from 14%
in 2006 to 10% in 2010. The decrease in SPR is due
to administration of chloroquine for the treatment of
P. vivax and artemisinin-based combination therapy
(artesunate+sulfadoxine pyrimethamine) for treat-
ment of P. falcipuram cases. In the study period,
two parasite species were identified, i.e. P. falciparum
and P. vivax. Most of the cases were due to infection
by P. vivax which was the predominant species with
a prevalence of 72·1% followed by P. falciparum
(27·9%). While estimating the number of malaria
cases, infection due to P. vivax was found to have
gradually decreased from 2006 (AVI 26%) to 2010
(AVI 13%) and the AFI was found to have decreased
from 11% in 2006 to 5% in 2010. The AVI and AFI
(per 1000 persons) of Arunachal Pradesh state, by dis-
trict, are given in Table 1.

Seasonal trend of malaria cases in Arunachal Pradesh,
2006–2010

There was an apparent fluctuation in malarial trend
observed in Arunachal Pradesh and monthly data re-
veal that malaria cases occurred throughout the year.
Generally, malaria cases begin increasing in April and
peak during the monsoon period, i.e. June and July,
then gradually decline from August onwards
(Fig. 3). The malaria data reveal that during the post-
monsoon period the number of Plasmodium parasites
gradually increased from September and peaked in
October. The incidence of malaria then showed a
sharp decline in November and December for the

years 2006, 2009 and 2010 (Fig. 3). To obtain infor-
mation on the incidence of malaria trend in compari-
son to the climatic seasons, the whole dataset was
classified into dry (February–May) and wet (June–
January) seasons; it was found that a higher number
of malaria cases were observed mostly during the
wet season (P<0·003) compared to the dry season
(Table 2). At the parasite species level, the maximum
number of malaria cases was caused by P. vivax in the
wet season, followed by P. falciparum. To understand
the temporal distribution of malaria incidence be-
tween the dry and wet seasons for all the districts of
Arunachal Pradesh, an increase in malaria cases was
observed mostly during the wet compared to the dry
season (Table 3).

Prediction model

Monthly malaria case data from 2006 to 2010 was
used in the Richards model. The estimated parameters
were obtained for all five years and the resulting theor-
etical curves were plotted and compared with the inci-
dence curves of the real cumulative data (Fig. 4). The
red line in each of the panels corresponds to the theor-
etical model curve and the blue line corresponds to
the real data incidence curves. From this model the
best-fit model for the years were 2006–2008 and
2010 with an error rate of 0·35%, 0·247%, 0·19%
and 0·63%, respectively; for 2009 the error rate was
5·02% (Table 4). Figure 4 shows the predicted number
of malaria cases, being high in February and reaching
its peak between July and September for both the real
and predicted curves. In Table 4, the parameter
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Fig. 1. Annual Plasmodium vivax incidence (AVI/1000 population), annual P. falciparum incidence (AFI/1000 population),
smear-positive rate (SPR) and annual parasite incidence (API) in Arunachal Pradesh from 2006 to 2010.
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Fig. 2. Spatial distribution of malaria incidence rates of the endemic districts of Arunachal Pradesh, India from 2006 to 2010. API, Annual parasite incidence.
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estimate K gives the predicted maximum number of
infected cases in a particular year and it can be seen
that the maximum number of infected cases was
high for 2006 but the number decreased in the sub-
sequent years. The parameter r represents the growth
rate of the infection in each year and it can be seen
that the maximum growth rate (r=1·043) was
observed in 2009 and for other years it was almost
identical. α represents the exponent of deviation
from the standard logistic curve.

DISCUSSION

The physical geography of Arunachal Pradesh is very
distinct from the rest of the country but quite similar
to the eco-climatic conditions of countries like
Myanmar and Thailand [6] where high numbers of
malarial cases have been reported, mainly due to
P. vivax followed by P. falciparum [14]. Earlier reports
suggest that themalaria pattern inArunachal Pradesh is
perennial and seasonally regulated. High transmission

Table 1. Annual Plasmodium vivax incidence (AVI) and annual P. falciparum incidence (AFI) for Arunachal
Pradesh, by district and year, from 2006 to 2010

District

2006 2007 2008 2009 2010

AFI AVI AFI AVI AFI AVI AFI AVI AFI AVI

Tirap 2·16 20·09 2·74 19·21 1·55 13·57 1·81 12·03 1·81 11·56
Changlang 17·72 15·39 7·96 7·64 8·71 6·83 11·31 8·98 11·61 9·58
Lohit 13·99 22·55 12·83 22·96 8·60 13·89 10·68 11·45 10·38 10·73
Upper Dibang Valley 5·53 67·48 0·84 4·19 1·52 2·81 0·34 4·48 0·23 5·63
Lower Dibang Valley 0 0 5·81 78·76 5·42 41·79 5·50 48·45 6·15 47·60
East Siang 32·30 65·36 22·08 49·04 30·18 43·36 17·37 25·34 17·95 27·66
West Siang 0·14 34·34 0·59 32·83 0·69 29·97 0·77 20·56 0·42 20·25
Upper Siang 0 3·74 0·00 12·14 0·00 13·53 0·62 2·47 1·23 3·19
Upper Subansiri 2·58 19·53 1·82 9·82 1·80 10·56 0·82 6·13 0·70 5·20
Lower Subansiri 0·05 1·39 0·00 2·33 0·05 3·22 0·05 2·49 0·05 2·40
Papum Pare 19·72 32·14 6·57 18·36 3·15 14·76 6·70 18·65 7·12 17·93
Kurung Kumey 0 0 0·08 0·51 6·92 15·06 0·61 5·42 0·62 4·14
East Kameng 21·06 32·51 9·93 17·86 17·70 27·26 6·62 9·14 7·00 9·84
West Kameng 2·57 3·51 1·39 1·48 0·92 0·88 2·25 2·71 1·90 3·55
Anjaw 0·00 0·00 0·43 0·32 0·54 1·62 0·15 0·76 0·15 0·87
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Fig. 3. Monthly distribution of malaria cases in Arunachal Pradesh, India.
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of malaria occurs during the monsoon and low
transmission in the post-monsoon period [6, 15].
Persistence and outbreaks of malaria in this state may
be due to poor inter-country coordinated vector control
interventions, less awareness, difficult terrain and lack
of healthcare services, low socioeconomic status and
ideal climatic conditions for mosquito breeding and
transmission of parasites [16]. To understand the pat-
tern of disease transmission and the reason for high
numbers of malaria cases, a detailed epidemiologi-
cal study was conducted on malaria in Arunachal
Pradesh from 2006 to 2010. The malaria epidemiologi-
cal survey provides the baseline parasitological infor-
mation of the population living in endemic districts of
Arunachal Pradesh.

The variation in climate influences the prevalence
of malaria and its survival is also dependent upon sea-
son, i.e. wet or dry seasons. While comparing malarial
cases between dry and wet seasons, it was found that
significantly higher numbers of cases were observed
in the wet season than in the dry season of a year
(P<0·001). The data also analysed the number of
mean cases of P. vivax and P. falciparum during dry
and wet seasons for the study period; no significant
correlation between number of P. vivax (P=0·074)
and P. falciparum (P=0·140) cases was found. The
predominance of malaria cases during the wet season

could be attributed to favourable temperature and
relative humidity that are essential for development
of the parasite in the vector host (14·5–16·5 °C for
P. vivax and 16·5–18 °C for P. falciparum) [17].
Similarly, seasonality of malaria was also reported
in Mozambique [18]. During the beginning of the
wet season, increased numbers of breeding sites as
well as suitable temperature (20–30 °C) and relative
humidity (>60%) are favourable for Anopheles to sur-
vive long enough to acquire and transmit the parasite
effectively [19]. It should be noted that local agricul-
tural practices during the wet season, when mos-
quitoes find many sites for breeding, may be one of
the factors for high transmission of malaria. During
the latter part of the year the wet season experiences
high temperatures causing the drying up of breeding
sites, which results in fewer numbers of mosquitoes
and low malarial incidence. A similar trend of results
in all districts of Arunachal Pradesh was also observed
in this study. Higher numbers of cases were reported
in the wet season than in the dry season (Table 3).
Malaria cases are declining steadily, which could be
due to effective implementation of vector control
interventions during onset of malaria cases, e.g. in-
door residual spraying of dichlorodiphenyltrichlor-
oethane (DDT; 50% WP) and use of impregnated
bed nets by both state and central governments in

Table 2. Comparison of Plasmodium vivax (PV) and Plasmodium falciparum (PF) malaria cases from different
season in Arunachal Pradesh during 2006–2010

Year Parasite Climate season No. of months Mean±S.E.M. P value

2006 PV Dry 4 1401·5±311·23 0·209
Wet 8 2561·25±578·42

PF Dry 4 449±136·44 0·032*
Wet 8 1281·25±221·59

2007 PV Dry 4 1548·75±570·45 0·384
Wet 8 2285·88±492·33

PF Dry 4 384±127·92 0·210
Wet 8 736±171·52

2008 PV Dry 4 1028±192·98 0·100
Wet 8 2139·88±413·66

PF Dry 4 261·50±51·89 0·045*
Wet 8 753·13±146·16

2009 PV Dry 4 936·25±231·78 0·279
Wet 8 1464·88±300·35

PF Dry 4 332·75±68·01 0·220
Wet 8 658·88±169·25

2010 PV Dry 4 860·50±259·33 0·185
Wet 8 1507·75±289·89

PF Dry 4 264·75±106·31 0·145
Wet 8 697·38±182·13

*P<0·05.
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endemic areas. The first round of DDT spraying is
usually conducted during April–June, and the second
round from July to August in each year before the
onset of malarial cases [20].

This study provides an example of using the
Richards model to forecast malaria cases which will
help in effective malaria control. The Richards
model permits estimation of key epidemiological para-
meters based on cumulative case counts to study ma-
laria incidence during 2006–2010. It should be noted
that the model fits in most of the cases, as is evident
from the curves. The accuracy of the model in predict-
ing important parameters associated with the disease
such as the maximum case numbers in each year
and percentage of error is assessed Table 4.

In Table 4, the error percentages in the predicted
maximum number of infected cases are fairly low
for all years, except 2009, where the error is as high

as 5%. Moreover, we observed that the other par-
ameters, i.e. the growth rate r and exponential devi-
ation α are nearly the same for all the years with the
exception of 2009. This discrepancy in the 2009 pre-
dictions could perhaps be attributed to high incidence
of malaria cases caused by P. vivax. However, the
Richards model fits the data quite well for the remain-
ing four years giving a fairly accurate estimation of the
predicted maximum number of infected cases and
even though there are deviations in the predicted
results for 2009, the deviations are not large enough
to dismiss the model. Hence, this Richards model
can be applied to predict the number of infected
cases in between the time-points already taken in
each year and also to predict future cases [13].

Given malaria incidence for any given time period,
the procedure can be used to forecast the eventual
severity of current phases in real time by estimating

Table 3. Correlation of malaria cases in dry and wet seasons in different
districts of Arunachal Pradesh

District
Climate
season

No. of months
(2006–2010) r value P value

Tirap Dry 20 0·709 0·001***
Wet 40 0·045 0·782

Anjaw Dry 20 0·910 0·001***
Wet 40 0·212 0·189

Changlang Dry 20 0·700 0·001***
Wet 40 0·474 0·002**

Lohit Dry 20 0·713 0·001***
Wet 40 0·679 0·001***

Upper Dibang Valley Dry 20 0·684 0·001***
Wet 40 0·151 0·353

Lower Dibang Valley Dry 20 0·444 0·050*
Wet 40 0·132 0·418

East Siang Dry 20 0·551 0·012**
Wet 40 0·688 0·001***

West Siang Dry 20 0·646 0·002**
Wet 40 0·069 0·673

Upper Siang Dry 20 0·466 0·038*
Wet 40 0·076 0·640

East Kameng Dry 20 0·837 0·001***
Wet 40 0·596 0·001***

West Kameng Dry 20 0·789 0·001***
Wet 40 0·109 0·505

Lower Subansiri Dry 20 0·372 0·107
Wet 40 0·262 0·103

Upper Subansiri Dry 20 0·459 0·042*
Wet 40 0·023 0·888

Kurung Kumey Dry 20 0·741 0·001***
Wet 40 0·084 0·605

Papum Pare Dry 20 0·843 0·001***
Wet 40 0·565 0·001***

* P<0·05, ** P<0·01, *** P<0·001.
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the carrying capacity K. One of the advantages of the
Richards model for real-time modelling is that it offers
a simple means of fitting a model to cumulative
case counts, which smoothes out stochastic variations.
Although there are numerous methodologies pub-
lished, the Richards model can also be used to predict
the maximum number of possible infected cases over a
given period of time. Some competing methods re-
quire more extensive and detailed data than the
Richards model, which requires only cumulative
case data from an epidemic curve. As we have
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Fig. 4 [colour online]. Model fit of cumulative malaria cases from 2006 to 2010 in Arunachal Pradesh, India.

Table 4. Actual and predicted malaria cases by the
Richards model in the endemic state of Arunachal
Pradesh, India from 2006 to 2010

Year
Actual
cases

Predicted
cases (K) R α

Error
rate

2006 26096 26187·44 0·66367 0·9968 0·35
2007 24482 24421·47 0·58376 1·2674 0·247
2008 21231 21273·2 0·57733 0·97897 0·19
2009 15464 16246·3 1·043 0·44491 5·02
2010 15504 15405·5 0·56351 1·1811 0·63
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demonstrated here, the Richards model produces
fairly stable and credible estimates of maximum case
numbers, allowing these estimates to inform for evolv-
ing disease control strategies. In summary, we believe
that the Richards model not only provides an import-
ant tool for rapid epidemic modelling in the face of a
public health crisis, but can also be used to model
endemic cases and give useful information about the
disease progress in a population in any given time
period.
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